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Description 

This invention relates to electrostatic spraying de- 
vices. 

Energy efficiency and generator current capacity s 
are not viewed as important in most conventional elec- 
trostatic spraying applications, since most use is in 
heavy industrial applications. In attempting to design 
small and/or hand held devices for the domestic market, 
for example, one of the major costs is that of the high io 
voltage supply, usually in the form of a generator. Re- 
ducing the current output required from the generator 
enables it to be built less expensively. However, a prob- 
lem with previously proposed devices Is that If the output 
current of the generator is reduced significantly, the de- '5 
vices function less effectively or not at all. 

Broadly, the inventive concept recognises that it is 
possible to use a generator which has a current capacity 
much smaller than is conventional. 

In accordance with one aspect of the invention, 20 
there is provided an electrostatic spraying device com- 
prising a nozzle, means for supplying liquid to the noz- 
zle, high voltage supply means having a high voltage 
output supplying a high voltage circuit comprising one 
pole of the high voltage output connected, in use, so that 2S 
liquid sprayed from the nozzle Is electrostatically 
charged, in use leakage between the poles of the high 
voltage output of the high voltage supply being less than 
0.3 microamps. 

Preferably the leakage is less than 0.03 microamps. 30 

In prior art spraying devices, the majority of the cur- 
rent supplied by the high voltage generator Is surface 
leakage current and unwanted corona discharge, only 
a proportion being spraying current i.e. current actually 
used to charge the spray. For example a known hand ss 
held electrostatic crop spraying device has a spray cur- 
rent (to charge the spray) of about 0.5 microamps and 
a leakage current which, in use. can be as high as 5 
microamps. Reducing the surface leakage enables a 
smaller generator to be used producing a potential cost 40 
saving. 

In accordance with another aspect of the invention, 
there is provided an electrostatic spraying device com- 
prising: a nozzle, means for supplying liquid to the noz- 
zle, high voltage supply means having a high voltage ^ 
output supplying a high voltage circuit comprising one 
pole of the high voltage output connected, in use, so that 
one or more ligaments of liquid is/are propelled from the 
nozzle, the ligaments breaking up into electrostatically 
charged droplets, the high voltage supply means having so 
a maximum output current when the device is spraying 
of 1.5 microamps at 15 kV in the case of a single liga- 
ment or 0.8 microamps per 1 5 kV + 0. 1 5 microamps per 
ligament in the case of more than one ligament 

For example, the high voltage supply means may 55 
have a maximum output current when the devfce Is 
spraying of 0.6 microamps at 15 kV in the case of a sin- 
gle ligament or 0.3 mrcroamps per 15 kV + 0.15 per lig- 



ament in the case of multi-ligament spraying. Where the 
liquid being sprayed has a suitable resistivity i.e. of the 
order if 10* ohm cm or above, the consumption of cur- 
rent by non-catastrophic corona discharge is negligible 
and the maximum output current that the high voltage 
supply means is capable of producing may be 0.33 
microamps per 15 kV for a single ligament sprayer or 
0.03 per 1 5 kV + 0. 1 5 per ligament in the case of a multi- 
ligament sprayer. 

As referred to above, it is to be understood that a 
reference to a maximum output current capability of for 
example 0.6 microamps at 15 kV means that at 15 kV, 
the maximum current output capability is 0.6 microamps 
but for high voltage supply means designed to operate 
at other voltage outputs, the maximum current output 
capability applicable is proportionally related so that, for 
Instance, at an operating voltage of 20 kVthe maximum 
current output capability is 20/15 x 0.6, ie 0.8 micro- 
amps. 

Where the device of the invention is designed to 
produce multi-ligament spraying (e.g. using an annular 
or linear nozzle with an extended discharge edge), it Is 
preferably arranged to operate so as to produce a liga- 
ment to ligament pitch of at least 400 microns. 

In accordance with yet another aspect of the inven- 
tion there is provided electrostatic spraying device com- 
prising: a nozzle, means for supplying liquid to the noz- 
zle, high voltage supply means having a high voltage 
output supplying a high voltage circuit comprising one 
pole of the high voltage output connected, in use, so that 
liquid sprayed from the nozzle is electrostatically 
charged, the greatest average potential gradient, in nor- 
mal use, across surfaces of the device between conduc- 
tors or semiconductors connected to opposite poles of 
the high voltage output being less than 3 kV per cm. 

Preferably the greatest average potential gradient 
across such surfaces is less than 2 kV per cm. 

Preferably where the device is so designed that por- 
tions of such surfaces are disposed In such a way that 
potential current leakage paths exist across gaps be- 
tween those surface portions, in normal use of the de- 
vices the air pathway potential gradient between any 
such surface portions is no greater that 6 kV/cm. 

In comparison with normal practice at high voltages, 
the potential gradient is much less. This reduces the sur- 
face leakage current, so reducing the load on the gen- 
erator. The generator may therefore be built less expen- 
sively. 

In a yet further aspect of the invention, the liquid to 
be sprayed is contained in a pressurised container hav- 
ing a delivery valve which, in use. is opened by relative 
movement of the container and the nozzle towards each 
other, the device having a body or body part from whrch 
the nozzle extends, said valve being opened, in use, by 
relative movement between the container and the body 
or body part, the nozzle remaining fixed in relation to the 
body or body part. 

Preferably the body or body part is formed in one 
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piece so that it is uninterrupted round its periphery, and 
formed of insulating plastics material, the nozzle project- 
ing from one end and movement being applied to the 
container from the other end to operate the valve 

The high voltage supply circuit may comprise a gen- s 
erator situated on a side of the container remote from 
the nozzle and having a high voltage connector for elec- 
trical connection thereto, the low voltage circuit of the 
generator being remote from the container, movement 
being applied to the container through the generator to 
operate the valve. 

The generator preferably produces an unregulated 
output voltage, i.e. without employing any feedback-de- 
pendent form of voltage regulation, thereby allowing the 
generator to be constructed cheaply Such a generator 
is particularly applicable to single ligament spraying 
since such spraying can tolerate a relatively wide range 
of operating voltages. 

In a preferred embodiment of the invention the gen- 
erator comprises means for converting a low voltage 
from a dc supply into a relatively low ac voltage, means 
for storing the energy content of said ac voltage, means 
for repeatedly discharging the energy-storing means to 
produce a relatively low magnitude higher frequency de- 
caying oscillatory voltage, high gain transformer means 
for converting said higher frequency voltage to a large 
magnitude decaying oscillatory voltage (typically at 
least 10 kV), and means for rectifying said large magni- 
tude voltage to provide a unl-polar high voltage output 
which, when applied to the device, is subject to smooth- 
ing by capacitive elements associated with the device. 

Such a generator can be manufactured in a com- 
pact form and at low cost than generators of the type 
used conventionally whteh employ an array of voltage 
multiplier circuits to convert a low input voltage into a 
high voltage suitable for use in electrostatic spraying de- 
vices, and the preferred generator does not require 
feedback control to produce a regulated voltage output 
as used in conventionally used generators. 

In a still further aspect of the invention there is pro- 
vided an electrostatic spraying device having a nozzle 
and a surface near the nozzle which is sufficiently insu- 
lated as to charge to a high voltage, in use, whereby the 
spray from the nozzle Is repelled therefrom. This reduc- 
es the amount to which the sprayed droplets spread, 
which may be desirable in some cases. In a preferred 
embodiment the surface is annular. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figures la and lb are cross sectional views of an 
electrostatic spray gun embodying the invention; 
Figures 2a and 2b are cross sectional views of an- 
other electrostatic spray gun embodying the inven- 



tion; 

Figure 3 is a view similar to Figures la and lb but 
showing a modification thereof; and 
Figure 4 Is a block diagram of the circuitry of the 
high voltage generator employed in the embodi- 
ments of this invention. 

DETAILED DESCRIPTION 

The invention may be embodied in any shape con- 
venient to the purpose to which it is to be put. The em- 
bodiments illustrated are both in the form of a spray gun. 

The spray gun illustrated in Figure 1 has a body 
member 2 and a hand grip 4. The body member 2 is in 
the fonn of a tube of insulating plastics material. The 
tube is integral, that is to say it has no breaks round its 
periphery in contrast to a clam shell moulding. Suitable 
materials will usually be selected from a group defined 
by a bulk resistivity preferably greater than 10^^ ohm 
cm. Given suitable thicknesses of material such bulk re- 
sistivities reduce the leakage through the material to a 
negligible amount. The problem is that at high voltages 
the leakage across the surface becomes important so 
that there is a requirement for high surface resistivity 
values in use. Thus materials which contaminate easily 
or absorb water easily are not suitable. For example it 
is preferred that the material does not absorb more than 
0.7% by weight of water. Examples of suitable materials 
are ABS. polypropylene, polyethylene, some grades of 
polyvinyl chloride, acrylic, polycarbonate, acetai. 

The body member is externally threaded at its end 
6 to receive an end cap 8, which may also be of plastics 
material selected from the same group. Alternatively the 
end cap may be of a less insulating material, for example 
Tufnol Kite brand. The end cap 8 has a central aperture 
10 through which, in use, a nozzle 12 projects. Means 
are provided, in the form of a container 1 4, for delivering 
liquid to be sprayed to the nozzle. The nozzle 12, which 
is permanently attached to the container 14, has a 
shoulder 16 which is received by a recess 18 on the in- 
side of the end cap, thereby to locate the nozzle accu- 
rately centrally of the end cap. The container may be 
replaced by removing the end cap. 

The container is pressurised by a liquefied propel- 
lant, e.g. fluorocarbon 134A, whfch is separated from 
the liqukJ to be sprayed by a metal foil sack (only part of 
which is shown). The supply of fluid to the nozzle 12 is 
switched on and off by a valve 20 with which a passage 
22 in the nozzle communk^tes. As in the case of an 
aerosol can , pressing the valve 20 relatively towards the 
container 14 opens the valve allowing liqukJ to be pro- 
pelled from the container by the pressurised propellant 
and into the passage 22 of the nozzle. An internal re- 
striction in the container 14 limits the flow rate to a low 
value, e.g. 1 cc per minute and so that the liquid arrives 
at the outlet 24 of the nozzle at very low pressure whfch 
is not sufficient to cause any or significant atomisation. 
The nozzle may be conducting or insulating. It is pre- 
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ferred that the nozzle is insulating. The container 14 Is 
conducting, in this example. 

In the examples illustrated a single ligament issues 
from the tip of the nozzle. In other examples, the nozzle 
may be annular or in the shape of a plane blade so that s 
a plurality of ligaments of liquid issue therefrom. 

At the end of the body member 2 remote from the 
nozzle 12, a high voltage generator 26 is situated in a 
tubular carriage 28. The carriage 28 Is slidable in the 
body member 2 and is biased away from the end cap 8 
by a tension spring 29. The generator has a high voltage 
output pole 30 connected to a contact schematically in- 
dicated at 32 for contact with the conducting container 
14. The other high voltage output pole is electrically 
common with a low voltage supply lead 34 and thus con- 
nected via a resistor 36 to a contact strip 36 on the ex- 
terior of the hand grip 4. The low voltage supply lead is 
connected to one pole of a battery 40. The other pole of 
the battery is connected to the generator by another low 
voltage supply lead 42 via a microswitch 44. 

In order to increase the length of the leakage path 
from the high voltage output pole 30 to the lead 34 on 
the low voltage side of the generator, the generator is 
hermetically sealed in the carriage 26, e.g. by encapsu- 
lating the generator in the carriage 28 so that there is 
no direct surface path inside the tubular carriage 28 be- 
tween the one high voltage pole 30 of the generator and 
the other pole 34. The insulation on the low voltage 
leads 34 and 42 is sufficient that there is no significant 
leakage through the bulk of the insulation in relation to 
surface leakage to a break in the insuiatbn at the con- 
nection with the resistor 36. 

In a version, as illustrated in Figure 3, the tubular 
carriage 28 is extended towards the nozzle end of the 
container 14 and is sufficiently large for the container to 
fit therein. This both lengthens the leakage path from 
the container to the resistor 36, and ensures that if there 
is any spillage from the container 1 4, it is contained by 
the carriage and does not contaminate the leakage path. 

The valve 20 is opened, in use, by retative move- 
ment between the container 14 and the body 2, the noz- 
zle 1 2 remaining fixed In relation to the body. [Movement 
to operate the valve is applied to the container by move- 
ment of the generator. To this end, the grip 4 has a trigger 
46 which when squeezed operates on one end of a lever 
48 which is pivotally mounted at 50. Movement of the 
lever 48 is communicated by a link 51 to a further lever 
52 which is pivotally mounted at one end 54. A central 
portion 56 of the lever 52 bears on the end of the car- 
riage 28 remote from the container 14 so that when the 
trigger 46 is squeezed, resulting movement thereof is 
translated into movement of the carriage, and thus the 
container, towards the nozzle, so opening the valve 20. 
As this happens a linkage 58 operates the microswitch 
44 so that power is supplied to the generator. The high 
voltage output from the generator is thus applied to the 
container and so to the liquid therein. The high voltage 
is thus conducted to the tip of the nozzle, via the liquid 



in the case of an insulating nozzle, where the electric 
field strength is sufficient to produce a charged spray. 

The spray may be formed preponderantly by elec- 
trostatic forces, suitable liquids for such operation pref- 
erably having a resistivity in the range 1 x 1 0^ to 5 x 1 0^ ^ 
ohm cm in the case of non-aqueous liquids. In the case 
of more conducting liquids and aqueous systems, a jet 
may be produced by hydraulic pressure, even in the ab- 
sence of the high voltage, which jet breaks up into 
coarse droplets. The addition of the high voltage im- 
proves the spray by decreasing the droplet size and, 
since like charges repel each other, spreading the spray 
out into more of a cloud. 

The end cap 8 has an annular shroud 60 also 
formed of insulating material, in initial operation of the 
spray gun small amounts of charge accumulate on the 
outer edge 62 of the shroud. As the shroud is insulating, 
e.g. being made of non conducting material, e.g. Tufnol, 
ABS. polypropylene, polyethylene, polyvinyl chbrlde, 
acrylic, polycarbonate, acetal. and supported on the in- 
sulating body 2 leakage is sufficiently slow as to leave 
the shroud charged. The charge on the edge is of the 
same polarity as the spray which it thus repels. This re- 
duces the tendency of the spray to lift or spread out. The 
shroud 60 can thus be used to control the shape of the 
spray and to this end may be adjustable or there may 
be several different interchangeable shrouds. 

In use the grip is held in a hand and the trigger is 
squeezed as explained above. The hand contacts the 
conducting strip 38 to provide an earth return circuit. In 
relation to the high voltage circuit, any point on the rel- 
atively conducting hand Is effectively short circuited to 
the conducting strip 38 and thus to the output pole of the 
high voltage generator which is connected thereto in 
common with the low voltage input pole. 

The two shortest leakage paths between the high 
voltage output poles of the generator are Indicated in 
the drawing by the heavy outlines in Figure lb. 

Recalling that in use the carriage is pressing against 
the rear of the container 1 4, one of these leakage paths 
is from the rear of the container 14, along the surface 
inside the body member 2 between it and the carriage 
29, through a slot 64 through which the link 51 and lever 
52 connect, and over the outer surface of the grip 4 to 
the conducting strip 38. 

From the slot 64 in the body there is also a sub leak- 
age path over the external surface of the tubular t>ody 
member 2 (but inside the hand grip) to the finger of the 
operator squeezing the trigger. 

Another leakage path is from the front of the con- 
tainer 14 across internal surfaces of the body member 
2, across the surfaces through the screw thread of the 
end cap and over the external surfaces of the body 
member 14 and grip 4 to the hand of the operator and 
so to the conducting strip 38 

in contrast to the situation rf the body member 2 
were a clam shell mouWing. there is no direct surface 
path through the body member 2 since this is an integral 
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tube. 

The generator is unregulated and has a rectified 
output such that, at the load presented by the spraying 
current and the leakage, it operates at a voltage of about 
15 kV. The distance of the shortest leakage path is de- s 
signed to be about 6 cm, giving an average potential 
gradient over the shortest leakage path of 1 ,88 kV per 
cm. In practice the average potential gradient should not 
be greater than 3 kV per cm, preferably not greater than 
2 kV per cm. By design of the gun with regard to such 
parameters, the leakage current can be reduced to less 
than 0.3 microamps, more preferably to less than 0.03 
micro amps. At a spraying rate of 1 cc per minute in the 
illustrated embodiments using a liquid formulation hav- 
ing a resistivity of the order of 10^ ohm cm or greater, 
the spraying current (the current which actually charges 
the liquid) is less than 0.1 microamps. In multi-ligament 
.sprayers, the usual maximum spraying current per liga- 
ment woukJ be about 0.15 micro amps. In the case of a 
single ligament sprayer as illustrated, the maximum 
spraying current would be about 0.3 mrcroamps. Thus, 
a 15 kV generator which in operation, has a maximum 
output current capability of 0.6 microamps at the load 
presented by the spraying current and the leakage, 
would be adequate for most applications. In other 
words, in order to achieve the benefits of a low cost gen- 
erator, for high resistivity liquids of the order of 1 0^ ohm. 
cm and above a 15 kV generator which when spraying 
produces a current which is a maximum of 0.6 micro- 
amps for a single ligament sprayer is all that is required, 
since the spraying current is not more than 0.3 micro- 
amps and the leakage current is not more than 0.3 
microamps. Where the leakage is limited to 0.03 micro- 
amps, a generator having a maximum output current ca- 
pability of about 0.33 mk:ro amps at 15 kV is all that is 
required so as to provide up to 0.3 micro amps spraying 
current and 0.03 microamps leakage. In a single liga- 
ment sprayer, the spraying current is sometimes higher 
than is usual in a multi ligament sprayer In a multi-liga- 
ment sprayer, the spraying current would not normally 
be above, say, 0. 1 5 micro amps per ligament per 1 5 kV. 
For a multi ligament sprayer all that is required is a gen- 
erator which, when actually working in the device, pro- 
vides an output curent no greater than 0.1 5 microamps 
per ligament plus an amount for leakage of 0.3 mtero- 
amps. preferably 0.03 micro amps. 

In the foregoing it has been assumed that current 
consumption through non-catastrophic corona dis- 
charge is negligible, which is generally the case espe- 
cially for single ligament spraying where the operating 
voltage of the generator is typically of the order of 1 5 kV 
but generators with operating voltages up to 25 kV may 
be used without generating excessive corona discharge 
especially when used to spray liquids having resistivities 
of the order of 10^ ohm cm. In some circumstances how- 
ever, even with operating voltages of the order of 1 5 kV, 
corona discharge may consume current in amounts 
which are comparable or even greater than the spraying 



current. For example, in multi-ligament spraying with liq- 
uids of high resistivity, current consumption resulting 
from corona discharge will usually be negligible but may 
become substantial, for instance up to 1 micro amp. if 
dry spots develop at the spraying edge especially in the 
case of linear nozzles, as are often used for multi-liga- 
ment spraying. Also in the case of single ligament spray- 
ing using liquids having low resistivity, eg of the order of 
5x10^ ohm cm, or liquids containing conductive parti- 
cles, corona discharge can give rise to current con- 
sumption of up to about 0.5 micro amps (usually less). 
Multi-ligament spraying is generally not practicable with 
low resistivity liquids. Thus, where a spraying device is 
to be used in circumstances where there may be non- 
negligible current consumption due to corona dis- 
charge, the generator may be selected accordingly so 
that it has a current output capability which is adequate 
to meet the load presented by the spraying current, the 
surface leakage path current and the current consumed 
by any corona discharge. Generally, where non-negligi- 
ble current consumption by corona discharge is to be 
catered for, a generator with a maximum output current 
capability of about 1.5 microamps will suffice and can 
be fabricated as a low cost unregulated generator of the 
type described herein with reference to Figure 4 of the 
drawings. 

The embodiment illustrated in Figure 2a is similar 
to that of Figure la except for the way in which the gen- 
erator is mounted and the way the can is pressed to op- 
erate the valve. 

In this embodiment the container is mounted in a 
tubular body part 2a equivalent to the body member 2 
in the embodiment of Figure 1 . The body part 2a has an 
end cap 8, which in this case is shown integral with the 
tubular part 2a. The part 2a again is formed with no 
breaks round its periphery, e.g. by moulding. The part 
2a has a trigger 46 which is fixed thereon. Another body 
part 2b, in which the body part 2a telescopes, carries 
the generator 28 and has a hand grip 4 fixed thereon. 
The body parts 2a and 2b are biased apart by means 
not shown. 

In operation the trigger 46 is squeezed towards the 
hand grip until the contact 32 on the generator meets 
the end of the container 14. Further pressure moves the 
container 1 4 in relatk>n to the body part 2a whilst, again, 
the nozzle remains stationary in the part 2a. This move- 
ment operates the valve to supply liquid from the con- 
tainer to the nozzle producing a spray of electrostatically 
charged liquid as explained above. 

The two shortest leakage paths are also shown in 
heavy outline in Figure 2 and are similar to those shown 
in Figure 1 . One of the paths is from the rear of the con- 
tainer 14, atong the surface between the parts 2a and 
2b to the hand operating the trigger and so to the con- 
ducting strip 38. The other path is from the front of the 
can over the Inside surfaces of the part 2a through the 
opening 10 (the nozzle is insulating), over the outer sur- 
faces of the part 2a to the operator* s hand and so to the 
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conducting strip 39. The leakage paths are sufficiently 
long to achieve the required low leakage currents ena- 
bling use of the same low current generator as in the 
embodiment of Figure 1 . 

Referring to Figure 4, the high voltage generator de- s 
scribed previously is preferably one which does not re- 
quire the use of an array of voftage multiplier circuits as 
in conventional generators. Thus, as shown, the gener- 
ator comprises an oscillator 100 receiving as its input 
the dc voltage provided by the battery pack 40 shown 
in Figure la for example. Typically, this input voltage Is 
of the order of 9v. The oscillator 100 provides an oscil- 
lating output, typically of the order of 100Hz, which is 
converted by transformer 102 into a relatively low mag- 
nitude ac voltage (typically ca. 200v) which is applied to 
an energy storage and switching circuit 104, using ca- 
pacitive elements to store the energy content of the out- 
put from the transformer 1 02. The circuit 1 04 is designed 
in such a way that the energy stored capacrtlvely is re- 
peatedly discharged at a frequency typically between 5 
and 20 Hz, thereby producing an oscillatory output of a 
decaying nature (see signal depicted by reference 106), 
the peak output voltage of which is typically 200 v and 
the decay rate being such that the signal decays to vir- 
tually zero voltage within a millisecond or so. The pulsed 
signal 106 is applied to a high gain transformer 108 
which converts it to a voltage of the order of 20-25kV 
(signal 1 1 0) and this signal is then applied to a half wave 
or full wave rectifier circuit 112 to produce the unipolar 
high voltage output 114 of the generator. The signal 114 
is shown in its smoothed form, the smoothing being ef- 
fected by stray capacitances associated with the device. 

One form of generator suitable for use in the em- 
bodiments described herein is disclosed in European 
Patent Application No 163390. 

Although the embodiments described above have 
used electrical contact between the liquid and a conduc- 
tor, in the form of the container, to charge the liquid, oth- 
er arrangements are possible. For example in another 
such arrangement, there is no electrical contact be- 
tween the liquid and the high voltage output of the gen- 
erator but a ring electrode, connected to the high voltage 
output of the generator surrounds the nozzle and charg- 
es the liquid by inductbn. 

In another example, not illustrated, the nozzle is 
made of a porous material similar to that used for the 
writing element in a felt tip pen. The container may not 
then need to be pressurised, supply of liquid to the noz- 
zle relying on capillary action. 

Whereas the main teaching of this specification re- 
lates to the reduction of leakage across the surface of 
the device, those skilled in the art will recognise that the 
device should be of suitable materials and should have 
suitable radii comer radii to reduce corona discharge to 
a minimum so as to reduce unwanted effects of corona 
in loading the generator. 

In order to measure leakage currents, the follovwng 
technique is suggested. All the parts of the device 



should be assembled in their working positions, with the 
exception of the generator which is replaced with a non 
working dummy having dummy electrical connectors in 
places corresponding to those in the real generator. The 
container should either be empty or it should be ensured 
that there is no liquid delivered. When the nozzle is dry, 
especially if it is conducting, there is a tendency for co- 
rona to discharge therefrom. To prevent this the nozzle 
tip should be fitted with a cover sufficiently insulating and 
of sufficiently large diameter as to prevent corona dis- 
charge. An external generator, adjusted to the operating 
voltage, has its high voltage circuit connected across the 
dummy high voltage poles of the dummy generator, e. 
g. between the container and the conducting strip 38. A 
sensitive ammeter or electrometer is connected to 
measure the current from the external generator, which 
current represents the leakage cun^ent of the device in 
use. 

The spraying current and any current consumed 
through corona discharge may be determined by using 
the device (with a live generator) to spray the liquid to- 
wards an imperforate catch target (e.g. a metal sheet) 
and interposing a grid of fine wire gauze between the 
device and the catch target so that the corona current 
is collected by the grid and the charged spray droplets 
are collected by the catch target. The grid and target 
may be connected to respective ammeters to allow the 
different current components to be measured. In prac- 
tice, some of the droplets may tend to deposit on the 
grid but this can be minimised by making the aperture 
size defined by the intersecting wires of the grid suitably 
large (eg 2.5cm square). 



Claims 

1. A method of electrostatic spraying in which the 
spray is produced from a device comprising a noz- 
zle (1 2), means (1 4) for supplying liquid to the noz- 
zle (1 2), and high voltage supply means (26) having 
a high voltage output circuit comprising one pole 
(30) of the high voltage output connected, in use, 
so that liquid sprayed from the nozzle (12) is elec- 
trostatically charged, characterised In that the de- 
vice is operated with an average potential gradient 
of less than 3 kV per cm across surfaces of the de- 
vice between conductors or semiconductors con- 
nected to opposite poles of the high voltage output. 

2. A method as claimed in Claim 1 in which the device 
is operated with a potential gradient of less than 2 
kV per cm across surfaces of the device between 
conductors or semiconductors connected to oppo- 
site poles of the high voltage output. 

3. An electrostatic spraying device comprising: a noz- 
zle (1 2), means (14) for supplying liquid to the noz- 
zle, high voltage supply means (26) having a high 
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voltage output having connected, in use, so that liq- 
uid sprayed from the nozzle (12) is electrostatically 
charged, the greatest average potential gradient, in 
normal use, across surfaces of the device between 
conductors or semiconductors connected to oppo- 
site poles of the high voltage output being less then 
3 kV per cm. 

4. A device as claimed In claim 3, wherein said great- 
est average potential gradient Is less than 2 kV per 

cm. 

5. A method or device as claimed in any one of Claims 
1 to 4 in which the means for supplying liquid to the 
nozzle includes a pressurised container (14) of the 
liquid having a delivery valve (20) which, in use, is 
opened by relative movement of the container (14) 
and the nozzle (12) towards each other, the device 
having a body or body part (2) from which the nozzle 
(12) extends, said valve (20) being opened, In use, 
by relative movement between the container (14) 
and the body or body part (2), the nozzle (12) re- 
maining in fixed relation to the body or body part (2). 

6. A device or method as claimed in Claim 5 in which 
the body or body part (2) is uninteraipted round Its 
periphery and is formed of Insulating plastics mate- 
rial. 

7. A device or method as claimed in Claim 5 or 6 in 
which the high voltage supply means comprises a 
generator (26) situated on a side of the container 
(14) remote from the nozzle (12) and having a high 
voltage connector (30. 32), the low voltage circuit 
of the generator (26) being remote from the contain- 
er. 

8. A device or method as claimed in any one of Claims 
1 to 7 in which the nozzle (1 2) Is made of Insulating 
material. 

9. A device or method as claimed in any one of Claims 
1 to 8 in which the high voltage supply means (26) 
comprises means (100, 102) for converting a low 
voltage from a dc supply into a relatively low ac volt- 
age, means (104) for storing the energy content of 
said ac voltage, means for repeatedly discharging 
the energy-storing means (104) to produce a rela- 
tively low magnitude higher frequency decaying os- 
cillatory voltage, high gain transformer means (108) 
for converting said higher frequency voltage to a 
large magnitude decaying oscillatory voltage and 
means (112) for rectifying sakJ large magnitude volt- 
age to provide a snxothed uni-polar high voltage 
output. 

1 0. A device or method as claimed in any one of Claims 
1 to 4 or Claim 8 or 9 when appendant to any one 



of Claims 1 to 4, comprising a housing (2, 4) which 
is suitable for hand held use and which receives a 
container (14) for the liquid, the housing including 
a body part (2) from which the nozzle (1 2} extends 
s and said body part being uninterrupted around its 
periphery and being formed of Insulating plastics 
material. 

11 . A device or method as claimed in Claim 1 0 in which 
10 said container (14) is collapsible and means is pro- 
vided for compressing the container In order to ef- 
fect feed of liquid to the nozzle (12). 

12. A device or method as claimed in Claim 10 or 11 in 
IS which the container (14) is provided with a valve 

(20) and in which opening of the valve (20) is effect- 
ed in response to movement of the container (14) 
relative to the housing (2, 4). 

20 1 3. A device or method as claimed in any one of Claims 
10 to 12 in which the collapsible container (14) is 
enclosed within a casing containing fluid pressuris- 
ing the container. 

2S 1 4. A device or method as claimed In any one of Claims 
10 to 13 in whk:h the collapsible container (14) is 
received In the housing (2,4) as a replaceable unit. 

15. A device or method as claimed in Claim 11 in which 
30 the collapsible container (14) is enclosed within a 

carier which Is mounted for movement within the 
housing (2, 4) and in which the container is provided 
with a valve (20) which, in response to movement 
of the container (14) in a predetermined direction, 
35 is opened, said compressing means being effective 
to expel liquid from the container (1 4) upon opening 
of the valve (20) In response to such movement. 

16. A device or method as claimed in any one of Claims 
40 11 to 14 in which the housing (2, 4) Includes a user- 
operable trigger (46) for controlling feed of liquid by 
the compressing means. 

1 7. A device or method as claimed In any one of Claims 
45 1 0 to 1 6 in which the high voltage means comprises 

a HT generator (26) mounted for movement within 
the housing (2, 4), movement of the HT generator 
(26) being effected in response to operation of a us- 
er-operable member (46) and feed of liquid from the 
so container being controlled in response to such 
movement of the HT generator or of a mounting (28) 
for the HT generator. 

18. A device or method as claimed in Claim 11 in which 
ss the container (1 4) is mounted for movement within 

the housing (2. 4) and the compressing means is 
controlled in response to nrv^vement of the container 
(14) to effect enabling and disabling of liquid feed 
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to the nozzle (12). 

19. A device or method as claimed in any one of Claims 
1 to 1 8 further comprising a shroud (60) of insulating 
material which encircles the nozzle (12) and on 
which a high voltage of the same polarity as that 
applied to the liquid is developed during spraying 
operation of the device. 

20. A device or method as claimed in any one of Claims 
1 to 4 or Claim 8 or 9 when appendant to any one 
of Claims 1 to 4, comprising a tubular body pari (2) 
receiving a collapsible container (1 4) containing liq- 
uid to be sprayed and provided with a valve (20) to 
control supply of liquid from the container to the noz- 
zle (14), said tubular body part (2) terminating in an 
end cap (8) which is removable to permit replace- 
ment of the container (14) and through which said 
nozzle (12) projects, and a shroud (60) of insulating 
material provided on said end cap (8) so as to en- 
circle the nozzle and on which a high voltage of the 
same polarity as that applied to the liquid is devel- 
oped during spraying operation of the device. 



are movable relative to one another and a user op- 
erable actuator (46) which effects movement of the 
body parts (2a. 2b) relative to one another in such 
a way that the high voltage supply means (26) and 
s the means (14) for supplying liquid are operated in 
response to such relative movement. 

26. A device or method as claimed in any one of Claims 
1 to 25 in which, in the case where the liquid com- 

10 prises an aqueous system or is more conductive 
than non-aqueous liquids having a resistivity of 1 x 
1 05 ohm cm, the liquid is discharged from the nozzle 
(12) as a jet by hydraulic pressure before breaking 
up into charged droplets. 

IS 

27. A device or method as claimed in any one of Claims 
1 to 26 in which the nozzle (1 2), liquid supply means 
(14) and the high voltage supply means (26) are 
embodied in a hand portable unit. 

20 



21. A device or method as claimed in any one of Claims 2S 
1 to 10 in which the high voltage means comprises 
an HT generator (26) mounted for movement, such 
movement being effected in response to operation 
of a user-operable member (46) forming part of the 
device and being effective to control supply of liquid 30 
to the nozzle (12). 



22. A device or method as claimed in Claim 21 compris- 
ing an elongate tubular body part receiving in suc- 
cession said HT generator (26) which is movable 3S 
longitudinally within the tubular body part (2) and a 
collapsible container (14) containing liquid to be 
sprayed and provided with a valve (20) which con- 
trols supply of liquid from the container to the nozzle 
(12) and which is operable in response to said Ion- 40 
gitudinal movement of the HT generator (26). 



23. A device or method as claimed in Claim 22 in which 
the collapsible container (14) is received within a 
suitably dimensioned casing for transmitting move- 4S 
ment of the HT generator (26) to the valve (20) to 
effect opening of the latter. 



24. A device or method as claimed in Claim 23 in which 
said casing is electrically conducting and in which ^ 
said high voltage is supplied from a high voltage 
output of the HT generator (26) to the nozzle tip via 

said casing. 

25. A device or method as claimed in any one of Claims ss 
1 to 4 or any one of Claims 7 to 9 when appendant 

to any one of Claims 1 to 4 in which the device com- 
prises first and second body parts (2a. 2b) which 
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Description 

[0001] This invention relates to electrostatic spraying 
devices. 

[0002] Energy efficiency and generator current ca- s 
pacity are not viewed as important in nnost conventional 
electrostatic spraying applications, since nnost use Is in 
heavy industrial applications. In attempting to design 
small and/or hand held devices for the domestic market, 
for example, one of the major costs is that of the high 
voltage supply, usually in the fomi of a generator. Re- 
ducing the current output required from the generator 
enables it to be built less expensively. However, a prob- 
lem with previously proposed devices is that if the output 
current of the generator is reduced significantly, the de- 
vices function less effectively or not at all. 
[0003] Broadly, the inventive concept recognises that 
it is possible to use a generator which has a cun-ent ca- 
pacity much smaller than Is conventional. 
[0004] US 4347984 describes an electrostatic spray 
coating apparatus which has a spray nozzle containing 
both air and liquid discharge ports and an inductive 
charging device which creates a charging zone and is 
positioned so that ambient air is mixed with air and fluid 
exiting from the discharge ports within the charging 
zone. 

[0005] In accordance with one aspect of the invention 
there is provided a method of electrostatic spraying in 
which the spray is produced from a device comprising 
a nozzle, means for supplying liquid to the nozzle, and 
high voltage supply means having a high voltage output 
pole connected, in use, so that liquid sprayed from the 
nozzle is electrostatically charged, the device being op- 
erated with an average potential gradient of less than 3 
kV per cm across surfaces of the device between con- 
ductors or semiconductors connected to opposite poles 
of the high voltage supply means, characterised in that 
there is electrical contact in use between the liquid and 
the high voltage supply means. 
[0006] Preferably the device is operated with a poten- 
tial gradient of less than 2 kV per cm across surfaces of 
the device between conductors or semiconductors con- 
nected to opposite poles of the high voltage supply 
means. 

[0007] In accordance with another aspect of the in- 
vention there is provided an electrostatic spraying de- 
vice comprising: a nozzle, means for supplying liquid to 
the nozzle, high voltage supply means having a high 
voltage output pole connected, in use. so that liquid 
sprayed from the nozzle Is electrostatically charged, the 
greatest average potential gradient, in normal use, 
across surfaces of the device between conductors or 
semteonductors connected to opposite poles of the high 
voltage supply means being less than 3 kV per cm, char- 
acterised in that there Is electrical contact In use be- 
tween the liquid and the high voltage supply means. 
[0008] Preferably the greatest average potential gra- 
dient is less than 2 kV per cm. 



[0009] In comparison with normal practice at high volt- 
ages, the potential gradient is much less. This reduces 
the surface leakage cun-ent, so reducing the load on the 
generator. The generator may therefore be built less ex- 
pensively. 

[0010] The liquid to be sprayed may be contained In 
a pressurised container having a delivery valve which, 
in use. Is opened by relative movement of the container 
and the nozzle towards each other, the device having a. 
body or body part from which the nozzle extends, said 
valve being opened, in use, by relative movement be- 
tween the container and the body or body part, the noz- 
zle remaining fixed in relation to the body or body part. 
[001 1] Preferably the body or body part is fonmed In 
one piece so that It Is uninterrupted round its periphery, 
and formed of insulating plastics material, the nozzle 
projecting from one end and movement being applied 
to the container from the other end to operate the valve. 
[001 2] The high voltage supply means may comprise 
a generator situated on a side of the container remote 
from the nozzle and having a high voltage connector for 
electrical connection thereto, the low voltage circuit of 
the generator being remote from the container, move- 
ment being applied to the container through the gener- 
ator to operate the valve. 

[0013] The generator preferably produces an unreg- 
ulated output voltage, i.e. without employing any feed- 
back-dependent fomn of voltage regulation, thereby al- 
lowing the generator to be constructed cheaply. Such a 
generator is particularly applicable to single ligament 
spraying since such spraying can tolerate a relatively 
wide range of operating voltages. 
[001 4] In a preferred embodiment of the invention the 
generator comprises means for converting a low voltage 
from a dc supply into a relatively low ac voltage, means 
for storing the energy content of said ac voltage, means 
for repeatedly discharging the energy-storing means to 
produce a relatively low magnitude higher frequency de- 
caying oscillatory voltage, high gain transfomner means 
for converting said higher frequency voltage to a large 
magnitude decaying oscillatory voltage (typically at 
least 1 0 kV), and means for rectifying said large magni- 
tude voltage to provide a uni-polar high voltage output 
which, when applied to the device, is subject to smooth- 
ing by capacitive elements associated with the device. 
[0015] Such a generator can be manufactured In a 
compact form and at low cost than generators of the type 
used conventionally which employ an an-ay of voltage 
multiplier circuits to convert a low input voltage into a 
high voltage suitable for use In electrostatic spraying de- 
vices, and the preferred generator does not require 
feedback control to produce a regulated voltage output 
as used in conventionally used generators. 
[0016] The electrostatic spraying device may have a 
surface near the nozzle whk:h is sufficiently Insulated as 
to charge to a high voltage, in use. whereby the spray 
from the nozzle is repelled therefrom. This reduces the 
amount to which the sprayed droplets spread, which 
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may be desirable in some cases. In a preferred embod- 
iment the surface is annular. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figures 1 a and 1 b are cross sectional views of an 
electrostatic spray gun embodying the invention; 
Figures 2a and 2b are cross sectional views of an- 
other electrostatic spray gun embodying the inven- 
tion; 

Figure 3 is a view similar to Figures la and 1b but 
showing a modification thereof; and 
Figure 4 Is a block diagram of the circuitry of the 
high voltage generator employed in the embodi- 
ments of this invention. 

DETAILED DESCRIPTION 

[0016] The invention may be embodied in any shape 
convenient to the purpose to which it is to be put. The 
embodiments illustrated are both in the iorm of a spray 
gun. 

[0019] The spray gun illustrated in Figure 1 has a body 
member 2 and a hand grip 4. The body member 2 Is in 
the fonn of a tube of insulating plastics material. The 
tube is integral, that is to say it has no breaks round its 
periphery in contrast to a clam shell moulding. Suitable 
materials will usually be selected from a group defined 
by a bulk resistivity preferably greater than 10^* ohm 
cm. Given suitable thteknesses of material such bulk re- 
sistivities reduce the leakage through the material to a 
negligible amount. The problem is that at high voltages 
the leakage across the surface becomes Important so 
that there is a requirement for high surface resistivity 
values In use. Thus materials whteh contaminate easily 
or absorb water easily are not suitable. For example it 
Is preferred that the material does not absorb more than 
0.7% by weight of water. Examples of suitable materials 
are ABS, polypropylene, polyethylene, some grades of 
polyvinyl chloride, acrylic, polycarbonate, acetal. 
[0020] The body member is externally threaded at its 
end 6 to receive an end cap 8, which may also be of 
plastics material selected from the same group. Alter- 
natively the end cap may be of a less insulating material, 
for example Tufnol Kite brand. The end cap 8 has a cen- 
tral aperture 10 through whrch, in use, a nozzle 12 
projects. Means are provided, in the form of a container 
14, for delivering liquid to be sprayed to the nozzle. The 
nozzle 12, which is pemnanently attached to the contain- 
er 14. has a shoulder 16 which is receh^ed by a recess 
18 on the inside of the end cap, thereby to locate the 
nozzle accurately centrally of the end cap. The container 
may be replaced by removing the end cap. 
[0021 J The container Is pressurised by a liquefied pro- 



pellant, e.g. fluorocart^on 134A, which is separated from 
the liquid to be sprayed by a metal foil sack (only part of 
which is shown). The supply of fluid to the nozzle 12 is 
switched on and off by a valve 20 with which a passage 

5 22 in the nozzle communicates. As in the case of an 
aerosol can, pressing the valve 20 relatively towards the 
container 14 opens the valve allowing liquid to be pro- 
pelled from the container by the pressurised propellent 
and into the passage 22 of the nozzle. An internal re- 

10 striction in the container 14 limits the flow rate to a low 
value, e.g. 1 cc per minute and so that the liquid arrives 
at the outlet 24 of the nozzle at very low pressure which 
is not sufficient to cause any or significant atomisation. 
The nozzle may be conducting or Insulating. It is pre- 

is ferred that the nozzle is insulating. The container 14 is 
conducting, In this example. 

[0022] In the examples illustrated a single ligament is- 
sues from the tip of the nozzle. In other examples, the 
nozzle may be annular or in the shape of a plane blade 

20 so that a plurality of ligaments of liquid Issue therefrom. 
[0023] At the end of the body member 2 remote from 
the nozzle 12, a high voltage generator 26 is situated in 
a tubular carriage 28. The carriage 28 is slidable in the 
body member 2 and is biased away from the end cap 8 

25 by a tension spring 29. The generator has a high voltage 
output pole 30 connected to a contact schematically in- 
dicated at 32 for contact with the conducting container 
14. The other high voltage output pole is electrically 
common with a low voltage supply lead 34 and thus con- 

30 nected via a resistor 36 to a contact strip 38 on the ex- 
terior of the hand grip 4. The low voltage supply lead Is 
connected to one pole of a battery 40. The other pole of 
the battery is connected to the generator by another low 
vottage supply lead 42 via a microswitch 44. 

35 [0024] In order to increase the length of the leakage 
path from the high voltage output pole 30 to the lead 34 
on the low voltage side of the generator, the generator 
is hermetically sealed in the carriage 28, e.g. by encap- 
sulating the generator In the canlage 28 so that there is 

40 no direct surface path inside the tubular carriage 28 be- 
tween the one high voltage pole 30 of the generator and 
the other pole 34. The insulation on the low voltage 
leads 34 and 42 is sufficient that there is no significant 
leakage through the bulk of the insulation In relation to 

<5 surface leakage to a break In the Insulation at the con- 
nection with the resistor 36. 

[0025] In a Version, as illustrated in Figure 3, the tu- 
bular carriage 28 Is extended towards the nozzle end of 
the container 1 4 and is sufficiently large for the container 

50 to fit therein. This both lengthens the leakage path from 
the container to the resistor 36, and ensures that if there 
is any spillage from the container 14, it is contained by 
the carriage and does not contaminate the leakage path. 
[0026] The valve 20 is opened, in use, by relative 

55 movement between the container 14 and the body 2, 
the nozzle 12 remaining fixed in relation to the body. 
Movement to operate the valve is applied to the contain- 
er by movement of the generator. To this end, the grip 
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4 has a trigger 46 which when squeezed operates on 
one end of a lever 48 which Is pivotally mounted at 50. 
Movement of the lever 48 Is communicated by a link 51 
to a further lever 52 which is pivotally mounted at one 
end 54. A central portion 56 of the lever 52 bears on the 
end of the carriage 28 remote from the container 14 so 
that when the trigger 46 is squeezed, resulting move- 
ment thereof is translated Into movement of the car- 
riage, and thus the container, towards the nozzle, so 
opening the valve 20. As this happens a llnlcage 58 op- 
erates the microswitch 44 so that power Is supplied to 
the generator. The high voltage output from the gener- 
ator is thus applied to the container and so to the liquid 
therein. The high voltage is thus conducted to the tip of 
the nozzle, via the liquid in the case of an insulating noz- 
zle, where the electric field strength is sufficient to pro- 
duce a charged spray. 

[0027] The spray may be formed preponderantly by 
electrostatic forces, suitable liquids for such operation 
preferably having a resistivity In the range 1 x 10^ to 5 
X 10^0 ohm cm in the case of non-aqueous liquids. In 
the case of more conducting liquids and aqueous sys- 
tems, a jet may be produced by hydraulic pressure, even 
in the absence of the high voltage, which jet brealcs up 
into coarse droplets. The addition of the high voltage 
improves the spray by decreasing the dropiet size and, 
since like charges repel each other, spreading the spray 
out into more of a cloud. 

[0028] The end cap 8 has an annular shroud 60 also 
fonned of Insulating material. In initial operation of the 
spray gun small amounts of charge accumulate on the 
outer edge 62 of the shroud. As the shroud is insulating, 
e.g. being made of non conducting material, e.g. Tufnol, 
ABS, polypropylene, polyethylene, polyvinyl chloride, 
acrylic, polycarbonate, acetal, and supported on the In- 
sulating body 2 leakage is sufficiently slow as to leave 
the shroud charged. The charge on the edge is of the 
same polarity as the spray which it thus repels. This re- 
duces the tendency of the spray to lift or spread out. The 
shroud 60 can thus be used to control the shape of the 
spray and to this end may be adjustable or there may 
be several different Interchangeable shrouds. 
[0029] In use the grip is held in a hand and the trigger 
is squeezed as explained above. The hand contacts the 
conducting strip 38 to provide an earth return circuit. In 
relation to the high voltage circuit, any point on the rel- 
atively conducting hand is effectively short circuited to 
the conducting strip 38 and thus to the output pole of the 
high voltage generator which is connected thereto In 
common with the low voltage input pole. 
[0030] The two shortest leakage paths between the 
high voltage output poles of the generator are indicated 
in the drawing by the heavy outlines in Figure lb. 
[0031] Recalling that in use the carriage is pressing 
against the rear of the container 14, one of these leak- 
age paths is from the rear of the container 14, along the 
surface inside the body member 2 between it and the 
caniage 29, through a slot 64 through which the link 51 



and lever 52 connect, and over the outer surface of the 
grip 4 to the conducting strip 38. 
[0032] From the slot 64 in the body there is also a sub 
leakage path over the external surface of the tubular 

5 body member 2 (but inside the hand grip) to the finger 
of the operator squeezing the trigger. 
[0033] Another leakage path is from the front of the 
container 14 across intemal surfaces of the body mem- 
ber 2. across the surfaces through the screw thread of 

10 the end cap and over the external surfaces of the body 
member 14 and grip 4 to the hand of the operator and 
so to the conducting strip 38 

[0034] In contrast to the situation if the body member 
2 were a clam shell moulding, there is no direct surface 
IS path through the body member 2 since this Is an integral 
tube. 

[0035] The generator is unregulated and has a recti- 
fied output such that, at the load presented by the spray- 
ing current and the leakage. It operates at a voltage of 

^ about 15 kV. The distance of the shortest leakage path 
is designed to be about 8 cm, giving an average poten- 
tial gradient over the shortest leakage path of 1 .88 kV 
per cm. In practice the average potential gradient should 
not be greater than 3 kV per cm, preferably not greater 

25 than 2 kV per cm. By design of the gun with regard to 
such parameters, the leakage current can be reduced 
to less than 0.3 microamps, more preferably to less than 
0.03 micro amps. At a spraying rate of 1 cc per minute 
in the illustrated embodiments using a liquid fonnulation 

30 having a resistivity of the order of 1 <P ohm cm or greater, 
the spraying current (the current which actually charges 
the liquid) is less than 0.1 microamps. In mutti-ligament 
sprayers, the usual maximum spraying current per liga- 
ment would be about 0.15 micro amps. In the case of a 

35 single ligament sprayer as Illustrated, the maximum 
spraying current would be about 0.3 microamps. Thus, 
a 15 kV generator which in operation, has a maximum 
output cun-ent capability of 0.6 microamps at the load 
presented by the spraying cun'ent and the leakage, 

40 would be adequate for most applications. In other 
words, in order to achieve the benefits of a low cost gen- 
erator, for high resistivity liquids of the order of 1 0^ ohm. 
cm and above a 15 kV generator which when spraying 
produces a cun-ent which Is a maximum of 0.6 micro- 

^5 amps for a single ligament sprayer is all that is required, 
since the spraying current Is not more than 0.3 micro- 
amps and the leakage current Is not more than 0.3 
microamps. Where the leakage is limited to 0.03 micro- 
amps, a generator having a maximum output cun^ent ca- 

50 pability of about 0.33 micro amps at 15 kV is all that is 
required so as to provide up to 0.3 micro amps spraying 
cun'ent and 0.03 mrcroamps leakage. In a single liga- 
ment sprayer, the spraying current is sometimes higher 
than Is usual In a multi ligament sprayer, in a multi-liga- 

55 ment sprayer, the spraying cunrent would not normally 
be above, say, 0.15 micro amps per ligament per 15 kV. 
For a multi ligament sprayer all that Is required is a gen- 
erator which, when actually worthing in the device, pro- 
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vides an output current no greater than 0.15 microamps 
per ligament plus an amount for leakage of 0.3 micro- 
amps, preferably 0.03 micro amps. 
[0036] In the foregoing it has been assumed that cur- 
rent consumption through non-catastrophic corona dis- 
charge is negligible, which is generally the case espe- 
cially for single ligament spraying where the operating 
voltage of the generator is typically of the order of 1 5 kV 
but generators with operating voitages up to 25 kV may 
be used without generating excessive corona discharge 
especially when used to spray liquids having resistivities 
of the order of 1 0^ ohm cm. I n some circumstances how- 
ever, even with operating voltages of the order of 15 kV, 
corona discharge may consume cun^ent in amounts 
whtoh are comparable or even greater than the spraying 
current. For example, in multi-ligament spraying with liq- 
uids of high resistivity, current consumption resulting 
from corona discharge will usually be negligible but may 
become substantial, for instance up to 1 micro amp, if 
dry spots develop at the spraying edge especially in the 
case of linear nozzles, as are often used for multi-tlga- 
ment spraying. Also in the case of single ligament spray- 
ing using liquids having low resistivity, eg of the order of 
5x10^ ohm cm, or liquids containing conductive parti- 
cles, corona discharge can give rise to current con- 
sumption of up to about 0.5 micro amps (usually less). 
Multi-ligament spraying is generally not practicable with 
low resistivity liquids. Thus, where a spraying device is 
to be used in circumstances where there may be non- 
negligible cun-ent consumption due to corona dis- 
charge, the generator may be selected accordingly so 
that it has a current output capability which is adequate 
to meet the load presented by the spraying current, the 
surface leakage path current and the current consumed 
by any corona discharge. Generally, where non-negligi- 
ble cun'ent consumption by corona discharge is to be 
catered for, a generator with a maximum output cuTent 
capability of about 1 .5 microamps will suffice and can 
be fabncated as a low cost unregulated generator of the 
type described herein with reference to Figure 4 of the 
drawings. 

[0037] The embodiment illustrated In Figure 2a is sim- 
ilar to that of Figure la except for the way in which the 
generator is mounted and the way the can is pressed to 
operate the valve. 

[0038] In this embodiment the container is mounted 
in a tubular body part 2a equivalent to the body member 
2 in the embodiment of Figure 1 . The body part 2a has 
an end cap 8, which in this case Is shown integral with 
the tubular part 2a. The part 2a again is fonned with no 
breaks round its periphery, e.g. by moulding. The part 
2a has a trigger 46 which is fixed thereon. Another body 
part 2b, in which the body part 2a telescopes, carries 
the generator 28 and has a hand grip 4 fixed thereon. 
The body parts 2a and 2b are biased apart by means 
not shown. 

[0039] In operation the trigger 46 is squeezed towards 
the hand grip until the contact 32 on the generator meets 



the end of the container 1 4. Further pressure moves the 
container 1 4 1 n relation to th e body part 2a whilst, again , 
the nozzle remains stationary in the part 2a. This move- 
ment operates the valve to supply liquid from the con- 

5 talner to the nozzle producing a spray of electrostatically 
charged liquid as explained above. 
[0040] Thetwo shortest leakage paths are also shown 
in heavy outline in Figure 2 and are similar to those 
shown in Figure 1 . One of the paths is from the rear of 

10 the container 14, along the surface between the parts 
2a and 2b to the hand operating the trigger and so to 
the conducting strip 38. The other path is from the front 
of the can over the inside surfaces of the part 2a through 
the opening 10 (the nozzle is insulating), over the outer 

15 surfaces of the part 2a to the operator' s hand and so to 
the conducting strip 39. The leakage paths are suffi- 
ciently long to achieve the required low leakage currents 
enabling use of the same low cun-ent generator as in the 
embodiment of Figure 1 . 

20 [0041] Referring to Figure 4. the high voltage gener- 
ator described previously is preferably one which does 
not require the use of an array of voltage multiplier cir- 
cuits as in conventional generators. Thus, as shown, the 
generator comprises an oscillator 100 receiving as its 

25 Input the dc voltage provided by the battery pack 40 
shown in Figure la for example. Typically, this input volt- 
age is of the order of 9v. The oscillator 100 provides an 
oscillating output, typically of the order of 1 0OHz, which 
is converted by transformer 102 into a relatively low 

30 magnitude ac voltage (typically ca. 200v) which is ap- 
plied to an energy storage and switching circuit 1 04, us- 
ing capacitive elements to store the energy content of 
the output from the transformer 102. The circuit 104 is 
designed in such a way that the energy stored capaci- 

35 lively is repeatedly discharged at a frequency typically 
between 5 and 20 Hz, thereby producing an oscillatory 
output of a decaying nature (see signal depicted by ref- 
erence 1 06), the peak output voltage of which is typically 
200 v and the decay rate being such that the signal de- 

40 cays to virtually zero voltage within a miilisecond or so. 
The pulsed signal 106 is applied to a high gain trans- 
former 1 08 which converts it to a voltage of the order of 
20-25kV (signal 1 1 0) and this signal is then applied to a 
half wave or full wave rectifier circuit 1 1 2 to produce the 

45 unipolar high voltage output 114 of the generator. The 
signal 114 is shown in its smoothed fomn, the smoothing 
being effected by stray capacitances associated with 
the device. 

[0042] One fonri of generator suitable for use In the 
50 embodiments described herein Is disclosed In Europe- 
an Patent Applbatlon No 163390. 
[0043] The embodiments described above have used 
electrical contact between the liquid and a conductor, in 
the form of the container, to charge the liquid. Other ar- 
55 rangements in which there Is no electrical contact be- 
tween the liquid and the high voltage output of the gen- 
erator are outside the scope of the invention. 
[0044] In another example, not Illustrated, the nozzle 
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Is made of a porous material similar to that used for the 
writing element In a felt tip pen. The container may not 
then need to be pressurised, supply of liquid to the noz- 
zle relying on capliiary action. 
[0045] Whereas the main teaching of this specifica- 
tion relates to the reduction of leal<age across the sur- 
face of the device, those skilled In the art will recognise 
that the device should be of suitable materials and 
should have suitable radii corner radii to reduce corona 
discharge to a minimum so as to reduce unwanted ef- 
fects of corona in loading the generator. 
[0046] in order to measure leakage currents, the fol- 
lowing technique is suggested. All the parts of the device 
should be assembled In their working positions, with the 
exception of the generator which is replaced with a non 
working dummy having dummy electrical connectors In 
places corresponding to those in the real generator. The 
containershould eitherbe empty or Itshould be ensured 
that there is no liquid delivered. When the nozzle Is dry, 
especially If It is conducting, there Is a tendency for co- 
rona to discharge therefrom. To prevent this the nozzle 
tip should be fitted with a cover sufficiently insulating and 
of sufficiently large diameter as to prevent corona dis- 
charge. An external generator, adjusted to the operating 
voltage, has (ts high voltage circuit connected across 
the dummy high voltage poles of the dummy generator, 
e.g. between the container and the conducting strip 38. 
A sensitive ammeter or electrometer is connected to 
measure the current from the external generator, which 
current represents the leakage current of the device in 
use. 

[0047] The spraying current and any current con- 
sumed through corona discharge may be detemnined by 
using the device (with a live generator) to spray the liquid 
towards an imperforate catch target (e.g. a metal sheet) 
and Interposing a grid of fine wire gauze between the 
device and the catch target so that the corona cun'ent 
is collected by the grid and the charged spray droplets 
are collected by the catoh target. The grid and target 
may be connected to respective ammeters to allow the 
different current components to be measured. In prac- 
tice, some of the droplets may tend to deposit on the 
grid but this can be minimised by making the aperture 
size defined by the intersecting wires of the grid suitably 
large (eg 2.5cm square). 



Claims 

1. A method of electrostatic spraying in which the 
spray is produced from a device comprising a noz- 
zle (12), means (1 4) for supplying liquid to the noz- 
zle (12). and high voltage supply means (26) having 
a high voltage output pole (30) connected, in use. 
so that liquid sprayed from the nozzle (12) is elec- 
trostatically charged, the device being operated 
with an average potential gradient of less than 3 kV 
per cm across surfaces of the device between con- 



ductors or semiconductors connected to opposite 
poles of the high voltage supply means (26), 
characterised in that there is electrical contact in 
use between the liquid and the high voltage supply 
5 means (26). 

2. A method as claimed in Claim 1 in which the device 
is operated with a potential gradient of less than 2 
kV per cm across surfaces of the devtoe between 

10 conductors or semteonductors connected to oppo- 
site poles of the high voltage supply means (26). 

3. An electrostatic spraying device comprising: a noz- 
zle (12), means (14) for supplying liquid to the noz- 

15 zle high voltage supply means (26) having a high 
voltage output pole (30) connected, in use, so that 
liquid sprayed from the nozzle (12) is electrostati- 
cally charged, the greatest average potential gradi- 
ent. In nonnal use, across surfaces of the device 

20 between conductors or semiconductors connected 
to opposite poles of the high voltage supply means 
(26) being less than 3 kV per cm, characterised In 
that there is electrical contact in use between the 
liquid and the high voltage supply means (26). 

25 

4. A device as claimed in Claim 3. wherein said great- 
est average potential gradient is less than 2 kV per 
cm. 

30 5. A method or device as claimed in any one of Claims 
1 to 4 In which the means for supplying liquid to the 
nozzle includes a pressurised container (14) of the 
liquid having a delivery valve (20) which, in use, is 
opened by relative movement of the container (14) 

35 and the nozzle (1 2) towards each other, the device 
having a body or body part (2) from which the nozzle 
(12) extends, said valve (20) being opened, in use, 
by relative movement between the container (14) 
and the body or body part (2), the nozzle (12) re- 

40 maining in fixed relation to the body or body part (2). 

6. A device or method as claimed in Claim 5 in which 
the body or body part (2) is uninten-upted round its 
periphery and is fomned of insulating plastics mate- 

45 rial. 

7. A device or method as claimed in Claim 5 or 6 in 
which the high voltage supply means comprises a 
generator (26) situated on a side of the container 

50 (1 4) remote from the nozzle (1 2) and having a high 
voltage connector (30, 32), the low voltage circuit 
of the generator (26) being remote from the contain- 
er. 

55 8. A device or method as claimed in any one of Claims 
1 to 7 in which the nozzle (12) is made of insulating 
material. 
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9. A device or method as claimed In any one of Claims 
1 to 8 in which the high voltage supply means (26) 
comprises means {100, 102) for converting a low 
voltage from a dc supply into a relatively low ac volt- 
age, means (104) for storing the energy content of 
said ac voltage, means for repeatedly discharging 
the energy-storing means (104) to produce a rela- 
tively low magnitude higher frequency decaying os- 

• cillatory voltage, high gain transformer means (1 08) 
for converting said higher frequency voltage to a 
large magnitude decaying oscillatory voltage and 
means (112) for rectifying said large magnitude volt- 
age to provide a smoothed uni-potar high voltage 
output. 

10. A device or method as claimed in any one of Claims 

I to 4 or Claim 8 or 9 when appendant to any one 
of Claims 1 to 4, comprising a housing (2, 4) which 
is suitable for hand held use and which receives a 
container (14) for the liquid, the housing including 
a body part (2) from which the nozzle (12) extends 
and said body part being uninterrupted around Its 
periphery and being fonned of insulating plastics 
material. 

11 . A device or method as claimed in Claim 1 0 In which 
said container (14) Is collapsible and means Is pro- 
vided for compressing the container in order to ef- 
fect feed of liquid to the nozzle (12). 

12. A device or method as claimed In Claim 1 0 or 1 1 in 
which the container (14) Is provided with a valve 
(20) and in which opening of the valve (20) is effect- 
ed In response to movement of the container (14) 
relative to the housing (2, 4), 

13. A device or method as claimed in any one of Claims 
1 0 to 1 2 in which the collapsible container (1 4) is 
enclosed within a casing containing fluid pressuris- 
ing the container. 

14. A device or method as claimed in any one of Claims 
10 to 13 in which the collapsible container (14) is 
received In the housing (2,4) as a replaceable unit. 

15. A device or method as claimed In Claim 1 1 1n which 
the collapsible container (14) is enclosed within a 
carrier which is mounted for movement within the 
housing (2. 4) and in which the container Is provided 
with a valve (20) which, in response to movement 
of the container (14) In a predetermined direction, 
is opened, said compressing means being effective 
to expel liquid from the container (1 4) upon opening 
of the valve (20) In response to such movement. 

1 6. A device or method as claimed in any one of Claims 

II to 14 in which the housing (2, 4) includes a user- 
operable trigger (46) for controlling feed of liquid by 



the compressing means. 

17. A device or method as claimed in any one of Claims 
1 0 to 1 6 in which the high voltage means comprises 

5 a HT generator (26) mounted for movement within 
the housing (2, 4), movement of the HT generator 
(26) being effected in response to operation of a us- 
er-operable member (46) and feed of liquid from the 
container being controlled in response to such 

to movement of the HT generator or of a mounting (28) 
for the HT generator. 

1 8. A device or method as claimed in Claim 1 1 in which 
the container (14) is mounted for movement within 

IS the housing (2, 4) and the compressing means is 
controlled in response to movement of the container 
(14) to effect enabling and disabling of liquid feed 
to the nozzle (12). 

20 1 9. A device or method as claimed in any one of Claims 
1 to 1 8 further comprising a shroud (60) of insulating 
material which encircles the nozzle (12) and on 
which a high voltage of the same polarity as that 
applied to the liquid is developed during spraying 

25 operation of the device. 

20. A device or method as claimed in any one of Claims 
1 to 4 or Claim 8 or 9 when appendant to any one 
of Claims 1 to 4, comprising a tubular body part (2) 

30 receiving a collapsible container (14) containing liq- 
uid to be sprayed and provided with a valve (20) to 
control supply of liquid from the container to the noz- 
zle (14), said tubular body part (2) temiinating in an 
end cap (8) which is removable to pennit replace- 

35 ment of the container (14) and through which said 
nozzle (1 2) projects, and a shroud (60) of insulating 
material provided on said end cap (8) so as to en- 
circle the nozzle and on which a high voltage of the 
same polarity as that applied to the liquid is devel- 

40 oped during spraying operation of the device. 

21 . A device or method as claimed in any one of Claims 
1 to 10 in which the high voltage means comprises 
an HT generator (26) mounted for movement, such 

45 movement being effected in response to operation 
of a user-operable member (46) forming part of the 
device and being effective to control supply of liquid 
to the nozzle (12). 

50 22. A device or method as claimed in Claim 2 1 compris- 
ing an elongate tubular body part receh^ing in suc- 
cession said HT generator (26) which is movable 
longitudinally within the tubular body part (2) and a 
collapsible container (14) containing liquid to be 

55 sprayed and provided with a valve (20) which con- 
trols supply of liquid from the container to the nozzle 
(12) and which is operable in response to said lon- 
gitudinal movement of the HT generator (26). 
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23. A device or method as claimed in Claim 22 in which 
the collapsible container (14) is received within a 
suitably dimensioned casing for transmitting move- 
ment of the HT generator (26) to the valve (20) to 
effect opening of the latter. 

24. A device or method as claimed in Claim 23 in which 
said casing is electrically conducting and in which 
said high voltage Is supplied from a high voltage 
output of the HT generator (26) to the nozzle tip via 
said casing. 

25. A device or method as claimed In any one of Claims 
1 to 4 or any one of Claims 7 to 9 when appendant 
to any one of Claims 1 to 4 In which the device com- 
prises first and second bodyparts (2a, 2b) which are 
movable relative to one another and a user opera- 
ble actuator (46) which effects movement of the 
body parts (2a, 2b) relative to one another In such 
a way that the high voltage supply means (26) and 
the means (14) for supplying liquid are operated In 
response to such a relative movement. 

26. A device or method as claimed In any one of Claims 
1 to 25 In which, in the case where the liquid com- 
prises an aqueous liquid or is more conductive than 
non-aqueous liquids having a resistivity of 1 x 10^ 
ohm cm, the liquid is discharged from the nozzle 
(12) as a jet by hydraulic pressure before breaking 
up Into charged droplets. 

27. A device or method as claimed in any one of Claims 
1 to 26 in which the nozzle (12), liquid supply means 
(14) and the high voltage supply means (26) are 
embodied In a hand portable unit. 



PatentansprCiche 

1 . Verfahren zum elektrostatischen Spruhen, bei dem 
das Spray von einer Vorrlchtung erzeugt wird, die 
eine Duse (12), IVIittel (14) zum Zufuhren von Flus- 
sigkelt zu der Duse (12) und ein Hochspannungs- 
versorgungsmlttel (26) mit einem Hochspannungs- 
ausgangspol (30) aufweist, der in Gebrauch so an- 
geschlossen 1st, dass aus der Duse (12) gespruhte 
Flussigkeit elektrostatisch geladen wird, wobei die 
Vorrichtung mit einem durchschnittlichen Potential- 
gradienten von wenlger als 3 kV pro cm uber Ober- 
fiachen der Vorrlchtung zwischen Leitem oder 
Halbleitem bedient wird, die an entgegengesetzte 
Pole des Hochspannungsversorgungsmittels (26) 
angeschlossen sind, dadurch gekennzelchnet, 
dass in Gebrauch elektrischer Kontakt zwischen 
der Flussigkeit und dem Hochspannungsversor- 
gungsmittel (26) vorliegt. 

2. Verfahren nach Anspruch 1 , be! dem die Vonich- 



tung mit einem Potentialgradienten von weniger als 
2 kV pro cm uber Oberflachen der Vorrichtung zwi- 
schen Leitern oder Halbleitem bedient wird. die an 
entgegengesetzte Pole des Hochspannungsver- 
5 sorgungsmittels (26) angeschlossen sInd. 

3. Elektrostatische Spruhvorrlchtung, umfassend: ei- 
ne Duse (12), ein Mtttel (14) zum Zufuhren von Flus- 
sigkeit zu der DQse, ein Hochspannungsversor- 

10 gungsmittel (26) mit einem Hochspannungsaus- 
gangspoi (30), der in Gebrauch so angeschlossen 
ist, dass aus der Duse (12) gespruhte Flussigkeit 
elektrostatisch geladen wird, wobei der groBte 
durchschnlttliche Potentialgradient in nonrnalem 
IS Gebrauch uber Oberflachen der Vorrichtung zwi- 
schen Leitern oder Halbleitem. die an entgegenge- 
setzte Pole des Hochspannungsversorgungsmit- 
tels (26) angeschlossen sind, weniger als 3 kV pro 
cm betrdgt, dadurch gekennzeichnet, dass In Ge- 
brauch elektrischer Kontakt zwischen der RQssig- 
keit und dem Hochspannungsversorgungsmittel 
(26) voriiegt. 

4. Vorrichtung nach Anspruch 3, bei der der genannte 
grdBte durchschnlttliche Potentialgradient weniger 
als 2 kV pro cm betragt. 

5. Verfahren oder Vorrichtung nach einem der Ansprii- 
che 1 bis 4, bei denrVder das Mittel zum Zufuhren 
von FIQssigkeit zu der Duse einen Druckbehalter 
(1 4) der Flussigkeit mit einem Ablassventil (20) um- 
fasst, welches in Gebrauch durch relative Bewe- 
gung des Behalters (14) und der Duse (12) zuein- 
ander hin geoff net wird. wobei die Vorrichtung einen 
Korper oder Kdrperteil (2) umfasst, von dem sich 
die DQse (12) erstreckt, wobei das genannte Ventll 
(20) in Gebrauch durch relative Bewegung zwi- 
schen dem Behalter (1 4) und dem Korper oder Kdr- 
perteil (2) geoffnet wird, wobei die DQse (1 2) In test- 
stehender Beziehung zu dem Korper oder Kdrper- 
teil (2) bleibt. 

6. Vorrichtung oder Verfahren nach Anspruch 5, bei 
der/dem der Korper oder Kdrperteil (2) urn selnen 
Umfang herum nicht unterbrochen Ist und aus iso- 
lleri<unststoffmaterial geblldet Ist. 

7. Vorrichtung oder Verfahren nach Anspruch 5 oder 
6, bei der/dem das Hochspannungsversorgungs- 
mittel einen Generator (26) aufweist. der auf einer 
Seite des BehSIters (14) entfemt von der Duse (1 2) 
angeordnet ist und ein Hochspannungsverisin- 
dungsglied (30, 32) aufweist, wobei die Nieder- 
spannungsschaitung des Generators (26) von dem 
Behalter entfernt ist. 

8. Vorrichtung oder Verfahren nach einem der Anspnu- 
che 1 bis 7, bei der/dem die Duse (12) aus Isolier- 
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material besteht 

9. Vorrlchtung oder Verfahren nach einem der Anspru- 
che 1 bis 8, bei der/dem das Hochspannungsver- 
sorgungsmlttel (26) IVIittel (100, 102) zum Umwan- s 
dein einer Niederspannung von einer Gieichstrom- 
versorgung in eine relativ niedrige Wechselspan- 
nung, eln IVIittel (104) zum Speichem des Energie- 
inhalts der genannten Wechselspannung, mne\ 
zum wiederhoiten Entladen des Energiespeicher- io 
mitteis (104) zum Erzeugen einer abklingenden 
Schwingspannung relativ Ideiner GroBe hoherer 
Frequenz, eln Hochverstarkungstransformatonnit- 

tel (1 08) zum Umwandein dergenannten Spannung 
hoherer Frequenz in eine abldingende Schwings- is 
pannung groBer GroBe und ein l\/llttel (112) zum 
Gteichrlchten der genannten Spannung groBer 
GroBe zum Lief em einer geglatteten einpoligen 
IHochspannungsausgabe umfasst. 

20 

10. Vorrichtung oder Verfahren nach einem der Ansprii- 
che 1 bis 4 oder Anspruch 8 oder 9 wenn ange- 
schlossen an einen der Anspriiche 1 bis 4, die/das 
ein Gehause (2, 4) aufweist, welches fur in der 
Hand gehaltenen Gebrauch geeignet ist und das ei- 25 
nen Behilter (14) fur die Flussigkelt aufnimmt, wo- 

bei das Gehause einen Korperteil (2) umfasst, von 
dem sich die Duse (12) erstreckt, und dergenannte 
Korperteil um seinen Umfang nicht unterbrochen ist 
und aus Isolierkunststoffmaterial gebildet ist. 30 

11. Vorrichtung oder Verfahren nach Anspruch 10, bei 
der/dem dergenannte Behalter (14) zusammenieg* 
bar ist und ein Mittei vorgesehen ist, um den BehSI- 

ter zusammenzudrucken und so Zufuhrung von 35 
FIQssigkeit zu der DQse (12) zu bewirken. 

12. Vorrichtung oder Verfahren nach Anspmch 10 oder 
11 , bei der/dem der Behalter (14) mft einem Ventil 
(20) versehen ist und bei der/dem Offnung des Ven- 40 
tils (20) als Reaktion auf Bewegung des Behalters 
(14) in bezug zu dem Gehause (2, 4) bewirkt wird. 

13. Vorrichtung oder Verfahren nach einem der Anspru- 
che 1 0 bis 1 2, be! der/dem der zusammenlegbare 45 
Behalter (14) innerhalb einer Einfassung einge- 
schlossen Ist, die den Behalter unter Druck setzen- 

de Flussigkelt enthait. 

14. Vorrichtung oder Verfahren nach einem der Anspru- 50 
che 10 bis 13, bei der/dem der zusammenlegbare 
Behalter (14) in dem Gehause (2, 4) als eine aus- 
wechselbare Einheit aufgenommen wird. 

15. Vorrichtung oder Verfahren nach Anspruch 11. bei ss 
der/dem derzusanrunentegbare Beh§lter(14) inner- 
halb eines Tragers umschlossen ist, der fur Bewe- 
gung in dem Gehause (2, 4) angebracht ist. und bei 



der/dem der Behdtter mit einem Ventil (20) verse- 
hen ist, das als Reaktion auf Bewegung des Behal- 
ters (14) in eine vorgegebene Rrchtung geoffnet 
wird, wobei das genannte Kompressionsmittel wirk- 
sam ist, um FIQssigkeit aus dem BehSlter (14) bei 
Offnung des Ventils (20) als Reaktion auf eine sei- 
che Bewegung auszustoBen. 

16. Vorrichtung Oder Verfahren nach einem der AnsprQ- 
che 1 1 bis 1 4, bei der/dem das Gehause (2, 4) einen 
benutzerbedienbaren Ausldser (46) zum Steuern 
der Zufuhrung von Flussigkelt durch das Kompres- 
sionsmittel umfasst. 

17. Vorrichtung Oder Verfahren nach einem der Anspru- 
che 1 0 bis 1 6, bei der/dem das Hochspannungsmit- 
tel einen Hochspannungsgenerator (26) aufweist, 
der fur Bewegung innerhalb des Gehauses (2, 4) 
angebracht ist, wobei Bewegung des Hochspan- 
nungsgenerators (26) als Reaktion auf Betatigung 
eines benutzeibedienbaren Elements (46) bewirkt 
wird und Zufuhrung von Flussigkelt aus dem Behal- 
ter als Reaktion auf eine solche Bewegung des 
Hochspannungsgenerators oder einer Befestigung 
(28) fiir den Hochspannungsgenerator gesteuert 
wird. 

18. Vorrichtung oder Verfahren nach Anspnjch 11, bei 
der/dem der Behalter (14) fur Bewegung innerhalb 
des Gehauses (2, 4) angebracht ist. und das Kom- 
pressionsmittel als Reaktion auf Bewegung des Be- 
halters (14) gesteuert wird, um Freigabe und Sper- 
mng von Flussigkeitszufuhrzu der Duse (12) zu be- 
wirken. 

1 9. Vorrichtung oder Verfahren nach einem der AnsprO- 
che1 bis 18, die/das femer eine Umhullung (60) aus 
Isollermaterial aufweist, die die Duse (12) um- 
schlleBt und auf der eine Hochspannung der glei- 
chen Polaritat wie der an die Flussigkeit angelegten 
wahrend Spruhbetrieb der Vonichtung entwickelt 
wird. 

20. Vorrichtung oder Verfahren nach einem der Anspru- 
che 1 bis 4 oder Anspruch 8 oder 9 wenn ange- 
sch lessen an einen der Anspruche 1 bis 4. die/das 
einen rohrenfomnlgen Korperteil (2), der einen zu- 
sammenlegbaren Behalter (14) aufnimmt, welcher 
zu spruhende FIQssigkeit enthait und mit einem 
Ventil (20) versehen ist, um die Zufuhr von FIQssig- 
keit aus dem Behilter zu der DQse (14) zu steuern, 
wobei der genannte rohrenfomriige Korperteil (2) in 
einer Endkappe (8) endet, die entfembar Ist, um 
Auswechselung des Behalters (14) zuzulassen, 
und durch die die genannte Duse (12) vorsteht, und 
eine Umhullung (60) aus Isollermaterial aufweist, 
die auf der genannten Endkappe (8) so vorgesehen 
ist, um die Duse zu umschlieBen. und auf der eine 
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Hochspannung der gleichen PolaritSt wie der auf 
die Flussigkeit angeiegten wahrend Spruhbetrieb 
der Vorrichtung entwickelt wird. 

21. Vorrichtung oderVerfahrennacheinem der AnsprQ- s 
Che 1 bis 1 0, bei der/dem das Hochspannungsmlttel 
einen IHochspannungsgenerator (26) angebracht 

fiir Bewegung aufweist, wobei eine solche Bewe- 
gung als Reaktlon auf Betdtigung eines benutzer- 
bedienbaren Elements (46) bewirkt wird, das Teii io 
der Vonichtung bildet und wirksam ist, urn Zufuhr 
von Flussigkeit zu der Duse (12) zu steuem. 

22. Vonichtung Oder Verfahren nach Anspruch 21 , die/ 
das einen l§nglichen rShrenfonmigen Korperteil auf- is 
weist, der nachelnanderden genannten Hochspan- 
nungsgenerator (26), der in Langsiichtung In dem 
rohrenfomriigen Korperteil (2) bewegbar ist, und ei- 
nen zusammenlegbaren BehSiter (14) aufnimmt, 
der zu sprCihende Flussigkeit enthSIt und mrt einem so 
Ventil (20) versehen Ist, das Zufuhr von Flussigkeit 
aus dem Behalter zu der Duse (1 2) steuert und als 
Reaktion auf die genannte Langsbewegung des 
IHochspannungsgenerators (26) bedienbar ist. 

25 

23. Vorrichtung oder Verfahren nach Anspruch 22, be! 
der/dem der zusammenlegbare Behalter (14) in ei- 
ner Einfassung geeigneter Abmessungen zum 
Obertragen von Bewegung des IHochspannungsge- 
nerators (26) zu dem Ventii (20) aufgenommen so 
wird, um Offnung des letzteren zu bewlrken. 

24. Vorrichtung oder Verfahren nach Anspruch 23, bei 
der/dem die genannte Einfassung elektrisch leitend 
ist und bei der/dem die genannte IHochspannung 
von einem Hochspannungsausgang des IHoch- 
spannungsgenerators (26) der Dusenspitze uber 
die genannte Einfassung zugefuhrt wird. 

25. Vorrichtung Oder Verfahren nach einem der Anspru- 40 
Che 1 bis 4 oder Anspruche 7 bis 9 wenn ange- 
schlossen an einen der Anspruche 1 bis 4, bei der/ 
dem die Vorrichtung einen ersten und zweiten Kor- 
perteil (2a, 2b). die in bezug zueinander bewegbar 
sind, und ein benutzerbedienbares Betatigungsele- « 
ment (46) aufweist, welches Bewegung der Korper- 
teile (2a, 2b) in bezug zueinander In solcher Weise 
bewirkt, dass das IHochspannungsversorgungsmit- 

tel (26) und das MIttel (14) zum Zufuhren von RQs- 
slgkeit als Reaktion auf eine solche relative Bewe- so 
gung betatigt werden. 

26. Vorrichtung oder Verfahren nach einem der Anspru- 
che 1 bis 25, bei der/dem in dem Fall, wenn die Flus- 
sigkeit eine wdssrige Flussigkeit aufweist oder lei- ss 
tender als ntohtwassrige Flussigkeiten mit einer Wi- 
derstandsfahlgkeit von 1 x 10^ Ohm/cm ist, die 
Flussigkeit aus der Duse (12) als ein Strahl durch 



Hydraulikdruck abgegeben wird, bevor sie In geia- 
dene Tropfchen zerbrlcht. 

27. Vorrichtung oder Verfahren nach einem der Anspru- 
che 1 bis 26. bei der/dem die DQse (12), das Flus- 
sigkeitszufuhnrnittet (14) und das IHochspannungs- 
versorgungsmittel (26) in einer von Hand tragbaren 
EInhelt ausgefuhrt sind. 



Revendicatlons 

1. Proc^dS de pulverisation ^lectrostatique dans ie- 
quel la pulverisation est produite k partir d'un dis- 
positif comprenant une buse (12), un moyen (14) 
pour fournir un liqulde k la buse (1 2), et un moyen 
d'allmentatlon k haute tension (26) ayant un pole 
de sortie k haute tension (30) connects, en cours 
d'utiiisation, de telle sorte que le liquide pulverise 
depuis la buse (12) soit charge eiectrostatique- 
ment, le dispositif etant actionn6 avec un gradient 
de potentiel moyen de moins de 3 kV par cm en 
travers de surfaces du dispositif entre des conduc- 
teurs ou semi-conducteurs connectes a des poles 
opposes du moyen d'allmentation k haute tension 
(26), caracterlse en ce que durant Tutiilsation il y 
a contact eiectrique entre le liquide et le moyen d'aii- 
mentation k haute tension (26). 

2. Precede selon la revendication 1 , dans lequel le dis- 
positif est actionne avec un gradient de potentiel de 
moins de 2 kV par cm en travers de surfaces du 
dispositif entre des conducteurs ou semi-conduc- 
teurs connectes k des p6les opposes du moyen 
d'allmentation k haute tension (26). 

3. Dispositif de pulverisation electrostatique 
comprenant: une buse (12), un moyen (14) pour 
foumir un liquide k la buse, un moyen d'allmentation 
k haute tension (26) ayant un pole de sortie k haute 
tension (30) connecte, en cours d'utiiisation, de telle 
sorte que le liquide pulverise depuis la buse (12) 
soit charge eiectrostatlquement, le plus grand gra- 
dient de potentiel moyen. en cours d'utiiisation nor- 
male, en travers de surfaces du dispositif entre des 
conducteurs ou semi-conducteurs connectes k des 
p6les opposes du moyen d'allmentation k haute 
tension (26) etant inf6rieur ^ 3 kV par cm, caracte- 
rlse en ce que durant I'utilisation II y a contact eiec- 
trique entre le liquide et le moyen d'allmentation k 
haute tension (26). 

4. Dispositif selon la revendication 3, dans lequel ledit 
plus grand gradient de potentiel moyen est infeneur 
^2 kV par cm. 

5. Precede ou dispositif selon Tune quelconque des 
revendicatlons 1 k 4. dans lequel le moyen pour 
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fournir un liquide d la buse compoite un recipient 
pressurise (14) du liquide ayant une vanne da dis- 
tribution (20) qui, en cours d'utlllsation, est ouverte 
par un mouvement relatif du recipient (14) et de la 
buse (12) Pun vers Tautre, le dtspositif ayant un 
corps ou une partle de corps (2) k partir duquel 
s'^tend labuse(12),Iaditevanne(20) 6tant ouverte, 
en cours d'utlllsation, par un mouvement relatif en- 
tre le recipient (1 4) et te corps ou la partle de corps 
(2), la buse (12) restant en relation fixe avec le corps 
ou la partle de corps (2). 

6. Dispositif ou precede selon la revendlcation 5 , dans 
lequel le corps ou la partle de corps (2) est Inlnter- 
rompu autour de sa p6riph6rie et est fonn6 en une 
matl§re plastique Isolante. 

7. Dispositif ou procede selon la revendlcation 5 ou 6, 
dans lequel le moyen d'alimentatlon k haute tension 
comprend un g6n6rateur (26) situ6 sur un c6X6 du 
recipient (14)^ distance de la buse (1 2) et ayant un 
connecteur^ haute tension (30, 32), le circuit k bas- 
se tension du g6n6rateur (26) etant distant du reci- 
pient. 

8. Dispositif ou precede selon I'une quelconque des 
revendications 1 k 7, dans lequel la buse (12) est 
realis^e en une matidre Isolante. 

9. Dispositif ou proc6d§ selon i'une quelconque des 
revendications 1^8, dans lequel (e moyen d'ali- 
mentatlon k haute tension (26) comprend un moyen 
(100, 102) pour convertir une basse tension d'une 
alimentation C.C. en une tension C.A. relativement 
basse, un moyen (104) pour stocker le contenu 
d'6nergie de ladrte tension C.A., un moyen pour de- 
charger de manifere repetde le moyen de stockage 
d'energie (104) afin de produire une tension os- 
clllante decrolssante de relativement falble amplitu- 
de et de frequence superieure, un moyen de trans- 
formateur k gain eieve (108) pour convertir ladite 
tension de frequence superieure en une tension os- 
cillante decroissante de grande amplitude et un 
moyen (112) pour redresser ladite tension de gran- 
de amplitude afin de fournir une sortie haute tension 
unipolaire llssee. 

10. Dispositif ou precede selon i'une quelconque des 
revendications 1 ^ 4 ou la revendlcation 8 ou 9 lors- 
qu' annexee k I'une quelconque des revendications 
1 & 4, comprenant un logement (2, 4) adapte k une 
utilisation portative et qui revolt un recipient (14) 
pour le liquide, le logement comportant une partie 
de corps (2) k partir de laquelle s'etend la buse (12) 
et ladite partle de corps etant ininten'ompue autour 
de sa peripherie et etant realisee en une matidre 
plastique isolante. 



11. Dispositif ou precede selon la revendlcation 10, 
dans lequel ledit recipient (14) peut s'aplatir et un 
moyen est foumi pour comprimer le recipient afin 
de faire amver le liquide jusqu'^ la buse (12). 

5 

12. Dispositif ou precede selon la revendlcation 10 ou 
1 1 , dans lequel le recipient (1 4) est muni d'une van- 
ne (20) et dans lequel i'ouverture de la vanne (20) 
est effectuee en reponse au mouvement du reel- 

10 pient (14) par rapport au logement (2, 4). 

13. Dispositif ou precede selon I'une quelconque des 
revendications 10 k 12, dans lequel le recipient 
aplatissable (14) est enfemne dans un carter conte- 

is nant un fluide pressurisant le recipient. 

14. Dispositif ou procede selon I'une quelconque des 
revendications 10 k 13, dans lequel le recipient 
aplatissable (14) est re^u dans le logement (2. 4) 

20 en tant qu'unite rempla9able. 

15. Dispositif ou proc6d6 selon la revendication 11, 
dans lequel le recipient aplatissable (1 4) est enter- 
me au sein d'un support qui est monte pour pouvoir 

25 bouger au seIn du logement (2, 4) et dans lequel le 
recipient est muni d'une vanne (20) qui, en reponse 
au mouvement du recipient (14) dans un sens pre- 
detemnine, est ouverte, ledit moyen de compres- 
sion servant k expulser le liquide depuis le recipient 

30 (1 4) lors de I'ouverture de la vanne (20) en reponse 
k un tel mouvement, 

16. Dispositif ou precede selon I'une quelconque des 
revendications 11^14, dans lequel le logement (2, 

35 4) comporte un declencheur (46) actionnabte par 
Tutiiisateur pour commander i'arrivee de liquide par 
le moyen de compression. 

17. Dispositif ou procede selon I'une quelconque des 
40 revendications 10^16, dans lequel le moyen k hau- 
te tension comprend un generateur HT (26) monte 
pour pouvoir bouger au sein du logement (2, 4), le 
mouvement du generateur HT (26) ayant lieu en re- 
ponse k I'actionnement d'un element (46) actionna- 

<5 ble par Tutilisateur et I'arrivee de liquide depuis le 
recipient etant commandee en reponse k un tel 
mouvement du generateur HT ou d'une monture 
(28) du generateur HT. 

50 16. Dispositif ou precede selon la revendication 11, 
dans lequel le recipient (1 4) est monte pour pouvoir 
bouger au sein du logement (2, 4) et le moyen de 
compression est commande en reponse au mouve- 
ment du recipient (14) en vue d'effectuer Pactlvatlon 

55 ou la desactivation de I'arrivee de liquide jusqu'd la 
buse (12). 

19. Dtspositif ou precede selon i'une quelconque des 
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revendications 1 ^ 18, comprenant en outre un 
manchon (60) de matlere isolante qui encercle la 
buse (12) et sur lequel una haute tension de la m§- 
me polarity que ceile appliqu§e au liquide est d4ve* 
lopp^e durant Toperation de pulverisation du dispo- 
sitif. 

20. Disposltif ou precede selon Tune quelconque des 
revendications 1 ^ 4 ou la revendication 8 ou 9 lors- 
qu' annex^e & i'une quelconque des revendications 
1 k 4. comprenant une partle de corps tubulaire (2) 
recevant un recipient aplatissable (14) contenant 
un liquide k pulveriser et muni d'une vanne (20) 
pour commander I'allmentation de liquide depuis le 
recipient jusqu'^ la buse (14), ladite partie de corps 
tubulaire (2) se termlnant dans un bouchon d'extr§- 
mite (8) qui est amovible pour permettre le rempla- 
cement du recipient (14) et k travers lequel ladite 
buse (1 2) fait saillie. et un manchon (60) de matidre 
isolante fourn! sur ledit bouchon d'extr6mite (8) de 
mani&re k encercler la buse et sur lequel une haute 
tension de la m§me polarity que celle appliqu6e au 
liquide est d^veloppee dgrant Toperation de pulve- 
risation du disposltif. 

21. Disposltif ou precede selon I'une quelconque des 
revendications 1 a 1 0, dans lequel le moyen k haute 
tension comprend un g6n6rateur HT (26) monte en 
vue d'un mouvement, un tel mouvement etant ef- 
fectue en r^ponse k Tactionnement d'un element 
(46) actlonnable par Tutilisateur faisant partie du 
disposltif et servant k commander ralimentation de 
liquide jusqu'^ la buse (12). 

22. Disposltif ou precede selon la revendication 21 . 
comprenant une partie de corps tubulaire allongee 
recevant successivement ledit gen6rateur HT (26) 
qui peut se deplacer longitudinalement au sein de 
la partie de corps tubulaire (2) et un recipient apla- 
tissable (14) contenant un liquide k pulveriser et 
muni d'une vanne (20) qui commande ralimentation 
de liquide depuis le recipient jusqu'd la buse (12) et 
qui est actionnabie en reponse audit mouvement 
longitudinal du generateur HT (26). 

23. Disposltif ou precede selon la revendication 22, 
dans lequel le recipient aplatissable (14) est re^u 
au sein d'un carter convenablement dimensionne 
pour transmettre le mouvement du generateur HT 
(26) k la vanne (20) en vue d'effectuer I'ouverture 
de cette derniere. 

24. Disposltif ou precede selon la revendication 23, 
dans lequel ledit carter conduit eiectriquement et 
dans lequel ladite haute tension est foumie depuis 
une sortie haute tension du generateur HT (26) jus- 
qu'^ la polnte de la buse par rintennediaire dudit 
carter. 



25. Dtspositif ou precede selon I'une quelconque des 
revendications 1 ^ 4 ou I'une quelconque des re- 
vendications 7^9 lorsqu' annexee k I'une quelcon- 
que des revendications 1 k 4, dans lequel le dispo- 

5 sItif comprend des premiere et deuxieme parties de 
corps (2a, 2b) qui peuvent se deplacer fune par rap- 
port k I'autre et un actionneur (46) actionnabie par 
Tutilisateur qui effectue un mouvement des parties 
de corps (2A, 2b) I'une par rapport k I'autre de telle 

10 fa^on que le moyen d'atimentation k haute tension 
(26) et le moyen (14) pourfoumir le liquide soient 
actionnes en reponse k un tel mouvement relatif . 

26. Disposltif ou precede selon I'une quelconque des 
IS revendications 1 k 25, dans lequel, dans le cas ou 

le liquide comprend un liquide aqueux ou est plus 
conducteur que les llquldes non aqueux ayant une 
resistivite de 1 x 1 0^ ohms cm, le liquide est dechar- 
ge par la buse (12) sous forme de jet par pression 
20 hydraulique avant de se decomposer en gouttelet- 
tes chargees. 

27. Disposltif ou precede selon Tune quelconque des 
revendications 1 k 26, dans lequel la buse (12), la 

25 moyen d'alimentation de liquide (14) et le moyen 
d'allmentation k haute tension (26) sent mis en ap- 
plication dans une unite portative. 
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